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Introduction. Due to the process reasons, the structure of cast 
parts of the railway rolling stock (RRS) often has embedded 
flaws that affect drastically their strength. The degree of 
impact depends on many factors including the shape and 
location of defects in the product. The shape of the defect has 
the greatest effect under alternating loads. This often refers to 
dynamically loaded parts of the RRS underframe. The defect 
oriented perpendicularly to the direction of tensile loads 
reduces the component life to the maximum. To identify 
embedded flaws, the parts are subjected to ultrasonic testing 
by the classical pulse-echo technique. However, such methods 
require increased validity and informativity. For example, they 
do not provide the determination of the type and orientation of 
the defect. 
Materials and Methods. Features, advantages and 
disadvantages of the classical pulse-echo technique of the 
ultrasonic non-destructive testing, which is based on the 
registration of the following echo signals, are considered: 

e sent; 

e reflected from the opposite surface (bottom) of the 
object; 

e reflected from the defect (if any). 
The pulse arrival time is proportional to the thickness of the 
part. If there is a defect, this time is proportional to the 
distance from the pulse input surface to the defect. This 
method can determine the presence of a defect, but it cannot 
determine its type. 
Research Results. To determine the shape of a defect, a dual- 
frequency defectometry method is proposed. Its principle, 
algorithm and implemented analytical dependencies are 
described. When an echo signal from a defect is detected in 
the monitoring object, the amplitudes of the bottom signals 
and the amplitudes of the echo signals from the defect are 
measured at the ultrasonic wave frequencies of 2.5 MHz and 
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Beedenue. CTpykTypa SIMTbIX JeTasew MOABMXKHOrO COCTaBa 
*Kee3HbIX Wopor (IICXK]]) no TexHoormueckKuM TpH4ynHaM 
yacTO MMeeT BHYTPeHHHe edeKTbI, KOTOPble CylleCTBeHHO 
BJIMAIOT Ha UX MpouHocTb. CTeleHb BIIMAHHA 3aBHCHT OT 
MHO%KecTBa (akTOPOB, BKIHOUad opMy HU paciouox*XeHHe 
nedekTOB B u3qeNHMu. DopmMa edektTa OKa3bIBaeT HanOoOlIb- 
Iee BIIMAHHe TIpW 3HaKOMepeMeHHBIX Harpy3Kax. ITO 4acTo 
OTHOCHTbCA K JMHAMMYeCKH Harpy2KeHHbIM JleTasaM IKMMAK- 
Hon uacTu TICK]. MakcumMasbHo cHwKaeT OJITOBCUHOCTb 
WeTam fe@ekT, OpWeHTHpOBaHHbIM TepleHIMKyIApHO K 
HalpaBsIeHHiO pacTArMBarOlMx Harpy30K. Jia BbIABIICHHA 
BHYTpeHHUX JedeKTOB eTaIM MOABepraroTcsA yJIbTpa3ByKO- 
BOMY KOHTPOJIIO KJIACCHYCCKHM 9XO-HMIYJIBCHbIM MeCTOJIOM. 
OyjHako Takve MeTOJUKU TpeOyIOT MOBbILMIeCHHA TOCTOBepHo- 
cTH HM uHdopmMatTuBHOcTH. HalpumMep, OHH He TMO3BOJIAIOT 
ONpeeMTb THM U OpHeHTalM1o Wedexta. 
Mamepuaibi u memoovoi. PaccMoTpeHbl OcOoOeHHOCTH, Tpe- 
MMYIIeCTBa HM HeJOCTaTKM KJlaCCH4YeCKOrO 9XO-HMITYyJIbCHOrO 
MeTO]a YJIbTpa3BYKOBOrO Hepa3pyllarollerO KOHTPOJIA, KOTO- 
PbIM OCHOBAH Ha perncTpallnn Ce WYIOUINX IXO-CHTHAIIOB: 

e IIOCJI@HHBbIn; 

@ OTpaKeHHbIM OT MpOTHBOMOJOXKXHOM MOBepXHOCTH 
(mHa) OObeKTA; 

® OTPakKeHHbI OT Zedekta (mpu ero Hann). 
BpemMa lIpuxoya UMMYysIbCOB IIPOMOpIMOHaIbHO TOUMIMHEe eTa- 
mu. IIpu Hamman jedekta 3TO BPeMA TIPOMOPUMOHAIbHO paccTo- 
AHVIO OT TOBEPXHOCTH BBOJa UMITyIbCOB WO Wedekta. ITHM 
MeTOJIOM MO2%KHO OMpeyeyIMTb HalMuve jedekta, OHAKO HeT 
BO3MOXKHOCTH OMNpeeJIMTb ero THM. 
Pezyibmamol ucciedoeanua. JIA olpeyeseHua (POpMbI Je- 
(beKTa MpewoxXeH JBYX4aCTOTHBIM MeTOA edeKTOMeTpHH. 
OnucaHa ero CyIIHOCTb, aIrOpHTM UM peasIM3yeMble aHasIMTH- 
yeckve 3aBHcuMocTH. IIpu oOHapyxxKeHHM B OObEKTe KOHTPOIA 
9XO-CHTHasla OT JJe@eKTa H3MepsAIOTCA AMITIMTYbI JOHHbIX CHT- 
HaJIOB HW AMIVIMTYbI 9XO-CHTHAJIOB OT JecbeKTa Ha YaCTOTAX YJIb- 
Tpa3BykoBonH Bob! 2,5 Mim u 5,0 MI. Paccaursipaetca 
Kosd@dulwent (opMp! Wedekta 10 aHasIMTHYeCKON 3aBHCHMOCTU 
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5.0 MHz. The defect shape factor is calculated from the 
analytical dependence; and the type of defect is determined. It 
can be volume (pores, shells, non-metallic inclusions) or 
planar (cracks, segregations, etc.). 

Discussion and Conclusions. A dual-frequency defectometry 
method to determine the type of defect under the manual 
ultrasonic testing of the RRS cast parts is proposed in the 
paper. For an express automated use of the proposed method, 
the software product NDTRT-07.04-L is developed, and its 
operation algorithm is described. The application of the 
technique can increase the validity and informativity of the test 


results. 


Keywords: ultrasonic testing, defectometry, defect form, dual- 
frequency method, software product, validity, informativity. 


For citation: A.N. Kireev, et al. Validity and informativity en- 
hancement of ultrasonic testing of cast parts of railway rolling 
stock. Vestnik of DSTU, 2019, vol. 19, no. 4, pp. 335-341. 
https://doi.org/10.23947/1992-5980-2019-19-4-335-341 


WM onpeyeuaetca Tum edexta. OH MoOxKeT ObITb OOBEMHBIM 
(TIOpbl, paKOBHHBI, HeMeTasIIMYeCKHe BKIIIOUCHHA) WIM TJIOC- 
KOCTHOH (TPelIHHBI, JIMKBAIMH Hi JIp.). 

OécyacdeHue u 3akiouenud. B padoTe lpezuoxeH JByx4a- 
CTOTHBIN MeTO WedeKTOMEeTPUH, NO3BOIAFOMIMN Ope eIMTb 
THM JjeekTa Mp Py4HOM YJIbTpa3sByKOBOM KOHTpoOJIe JIMTbIX 
metanen TICK]. Jina okcipeccHoro aBTOMaTH3HpOBaHHOro 
MCHOJIb30BaHHA pe IO*KeHHOrO MeTOa pa3pad0oTaH Mpo- 
TpaMMHBIN WposyKT NDTRT-07.04-L uw onucan anroputTm 
padotr c HuM. IIpuMeHeHve WaHHOrO MeTOJa MO3BOIAeT 110- 
BbICHTb JJOCTOBEPpHOCTb HM WHMOPMATHBHOCTb pe3ysJIbTaTOB 
KOHTpOJIA. 


Ku1104eBbIe CJIOBAa: YIbTpa3sBYKOBOM KOHTpOJIb, e@eKTOMeT- 
pua, dopma edekta, AByx4acTOTHbIM MeTOA, WporpaMMHBIii 
IIPOLYKT, JOCTOBeEpHOCTb, HHPOPMaTHBHOCT. 


Oopazeu Ona YUumupoeanua: IloBbinIeHve JOCTOBepHoO- 
CTH WM UHDOPMAaTHBHOCTH YiJIbTpa3BYKOBOTO KOHTpOJA 
JMTHIX JeTaIew MOABMKHOrO COCTaBa %Kele3HbIX JOpor 
A. H. Kupees [u ap.] Bectruux Jlonckoro roc. TexH. yH- 
Ta. — 2019. — 17.19, Ne4. — C. 335-341. 
https://do1.org/10.23947/1992-5980-2019-19-4-335-341 


Introduction. Using casting technologies, many vital parts of the RRS underframe are manufactured, for ex- 


ample: 
¢ disk wheel centres of diesel locomotives; 


¢ spoke wheel centres of electric locomotives and electric trains; 


¢ truck-side frames of freight wagons; 
¢ bogie brackets of mainline locomotives. 


The structure of cast parts often has defects due to process reasons. Fig. | shows some types of internal casting 


flaws in the parts of the RRS underframe. 





a) 





c) 


Fig. 1. Casting flaws in rolling stock parts: a) localized contraction cavity in cast wheel centre; 
b) internal longitudinal hot crack in wheelset axle workpiece; 
c) oxide non-metallic inclusions in casting wheel steel 


The degree of impact of internal flaws on the structural strength of parts depends on a number of factors, 


such as: 
¢ product operating conditions; 
¢ product loading conditions; 
¢ type and location of defects in the product 


Internal flaws in the cast parts of RRS can have the character of both volume defect (pores, shells, non-metallic 
inclusions) (Fig. 1, a, c), and planar flaws (cracks, segregations, etc.) (Fig. 1, b). Volume defects reduce the cross- 
sectional area of the part, due to which its strength properties are lowered. Planar flaws breach the continuity of metal, 
concentrate stresses at the edges, and significantly reduce the strength. Moreover, the flatter shape of the defect, the 
greater its influence is. In this case, the decrease in strength can be significantly greater than from volume defects. The 
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shape of the defect has the greatest impact at the alternate loads, which often refers to dynamically loaded parts of the 
RRS underframe. 

The defect oriented perpendicularly to the direction of tensile loads reduces the component life to the max1- 
mum. The worst case is the location of the defect in the most loaded area of the part. If the direction of the planar flaw 
is close to or coincides with the direction of tensile forces, then the strength of the part practically does not decrease. 

To identify internal flaws, vital cast parts of RRS are subjected to ultrasonic pulse-echo control when releasing 
from production. However, classical methods based on comparing the working value of the amplitude of the echo signal 
to the standard value of this parameter make it possible to determine whether the defect is admissible or not; but they do 
provide the type and orientation of the defect in the part. Therefore, an increase in the validity and informativity of such 
a control is required. 

Materials and Methods. The pulse-echo technique [1—7] of the ultrasonic non-destructive testing is based on 
the registration of echo signals from defects in the part volume. In this case, the sent (probing) pulse J and pulse J/I re- 
flected from the opposite surface (bottom) of the product (bottom signal) are observed on the screen of the ultrasonic 
flaw detector. If any defect in the body of the product, pulse // (an echo signal reflected from the defect) is observed 
(Fig. 2.). The arrival time of pulses /// and // is proportional to the thickness of the part and to the distance from the 
input surface of the ultrasonic wave to the defect. If the control circuit is compatible (Fig. 2), the transmitter and receiv- 
er are operated by a single converter. If the circuit is independent, two different converters are used. 





defectoscope screen 


re | 





piezoelectric transducer 











control range 





object of control — 
discontinuity 


Fig. 2. Ultrasonic testing circuit by pulse-echo technique 


The admissibility of discontinuities is evaluated through comparing the amplitude of the echo signal from the defect 
to the amplitude of the echo signal from the standard reflector in the shop reference sample (equivalent sensitivity), or to the 
reference sensitivity level tuned on the standard sample (measure) CO-2 (Fig. 3) [ 8] with the addition of a gain factor (condi- 
tional sensitivity) [9]. 





Fig. 3. CO-2 measure 


The shop reference sample is made from a product identical to the object of control in terms of material, acous- 
tic properties and geometry. Various types of artificial reflectors imitating real defects are used as standard reflectors. A 


Machine building and machine science 


337 


http://vestnik.donstu.ru 


338 


Vestnik of Don State Technical University. 2019. Vol. 19, no. 4, pp. 335-341. ISSN 1992-5980 eISSN 1992-6006 
Becmuuk JTonckozo 2zocyOapcméennozo mexnuyeckozo ynueepcumema. 2019. T. 19, Ne 4. C. 335-341. ISSN 1992-5980 eISSN 1992-6006 





flat-bottomed cylindrical reflector got the most widespread use under the control of RRS parts. This is a standard reflec- 
tor in the form of a flat bottom of a cylindrical hole oriented perpendicularly to the cylinder axis. 

Research Results. To determine the defect shape under the manual ultrasonic testing of RRS cast parts, a two- 
frequency defectometry method was proposed [10-13]. Its essence 1s as follows: 

1. When an echo signal from a defect is detected in the monitoring object, the following characteristics are 
measured at the ultrasonic wave frequencies of 2.5 MHz and 5.0 MHz: 

¢ amplitude of bottom signals; 

¢ amplitude of the echo signals from the defect; 

¢ distance from the wave input surface to the reflective surface of the defect. 

2. The defect shape factor is calculated using the following dependence: 


= Neb2.5 = Nxe5.0 +N 5.0 ~Ny2.5° 
where N ned2.5 is the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 2.5 MHz, 
dB; N ned5.0 is the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 2.5 MHz, dB; 
N.9.5 1s the amplitude of the echo signal from the defect at the frequency of the ultrasonic wave 5.0 MHz, dB; N 15.0 


HA 
is the amplitude of the bottom signal at a frequency of an ultrasonic wave of 5.0 MHz, dB. 


3. The boundary value of the shape factor of an ideal planar point defect is calculated from the formula: 


Xx 
9) ——— 
y= 201g) 25.0°Pa2.5 [fas Ses 
TIJI.T. 
5 -Sa5q \45.0°502.5 


where: Ay 5, As.o 18 the ultrasonic wavelength at a frequency of 2.5 MHz, mm, and 5.0 MHz, mm, respectively; Sys, Sus.0 
is the area of the piezoelectric transducer at a frequency of 2.5 MHz, mm’, and 5.0 MHz, mm’, respectively; x is the 
distance from the surface of the input wave to the reflective surface of the defect, mm; x, is the distance from the wave 


input surface to the bottom surface, mm. 
4. The boundary value of the shape factor of an ideal volume point defect is calculated from the formula: 


Xx 


*5,0°5a2.5 | 42.5°Sa5.0 |*n 


%06.T. ~ 201g 
hn g*Sa5 9 (45,0 %a2.5 


5. The boundary value of the shape factor of an ideal planar extended defect is calculated from the formula: 


3 a 
ip S a ee 
ha S459 \ 5042.5 


6. The boundary value of the shape factor of an ideal volume extended defect is calculated from the formula: 


456495 | hy 545.0 } 


hy 55150) Ms 99405 


7. The type of point defect 1s determined as follows: 
a) the defect is considered planar if the following condition 1s satisfied: 





ViuI.Tp. 





Yo6.np. = 2918 


9 





< 7 
VSVoner * 0.3|V96 4 Vou. 


b) the defect is considered volume if the following condition is satisfied: 


V2 V6.7 ~ 0.3{¥%6 4 =i eel 
If both conditions are not satisfied, the point defect is not planar, however, it is not ideally volume either. 


8. The type of extended defect is determined: 
a) the defect is considered planar if the following condition 1s satisfied: 


ve<v +0.3 


~ “TOLTp Me 


YoO.np  Tw1.mp 


2 








b) the defect is considered volume if the following condition is satisfied: 
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V2 V6, lp — 0.3 YoO.up  “rmi.mp 


If both conditions are not satisfied, the extended defect is not planar, however, it is not ideally volume either. 

In the methodology for determining the type of both point and extended defects, a confidence interval of 30% 
is assigned for the discrepancy between the actual and boundary values of the shape factor of volume and planar discon- 
tinuities. This interval is obtained empirically as a result of the experimental studies; it considers the methodological 
and instrumental measurement errors. 

A special software product NDTRT-07.04-L is developed for fast automated use of the dual-frequency defec- 
tometry method for the ultrasonic testing of cast parts of RRS. Fig. 4 shows its work windows. 


NDTRT-07.04-L 


| Onpegenexue Tuna pecbexta npv py4HoM ynbTpasByKoBom KOHTpone 
nuTeix geTanel MCKO pasyxyacToTHbim MeTOAOM AecdexTromeTpun 





Paapatoren . Kepooe Anaped Nanonaenns 
@ mad liter 2Mbenail eu 





nol! 0/.02 ERIM TED 


a) 


| Pacer manne | 
Kesbpemer opus 


munoe ycnomKe nn 4 

















MMMTy Aa AoW. Cuneana (2xo-curnana oT 4 oO) (2.5 5 Mu), ab 
Avannutyaa 20M. cureana (2x0-CHrvana oT uo (5.0 Min ). a6 ar 





DaMeTpE: OONApY I 


Paccromime a0 Aepexra_ wm 
Asannutyaa 3xo-Cuneana wa vactore 2.5 MTy ab 
Aaannetyaa 3xo-curnana na vactore §.0 Mu ab 








— Onpegenenne Tuna npoTAmKeHHOrO AeEdexkTa NPM Py4HOM YNbTpasByKOBOM KOHTpone NuTbIX AeTaNeh NCKA 
ABYXYACTOTHbIM MeTOAOM AeEceKTomeTpNH 


mawerp M30. nm geen aa Kospquuent Gopaui | 28) 

NSN 1/Pnoujane NST. weer? Tpawwawoe ycnogne an fe 

Saat Mactotaya som Tu t—“—=‘—“‘“‘“C;™O!C*@™r TDakwwHoe ycnoeue ob. ne 2.571907 
tnawerp ONL ——“—‘“‘CS*™*S™S™SCCC~«@Y 


TON 2\Mwougage MST wnat? Tareas 43339 
Mactota y.2 sorem, 1 5000000 
aPSrnetp 


norte BOM Ha “ACT 25a oa 
He y.3. Gone ra “act. 5.0 Miu wm oS 
Pac-¢ 20 ACH. NoB-Tw (QMaMeTp KOHT yw, pace Aouohwm | 103 
Aunnutyaa goK carvana (axo-corana oto) (25MTy) aby -17) 
Aanneatyaa a0M curdana (axo-curvana otuo)(S50Mlu). ab} 19.5) 




















ap rps OGapyw 


Paccromme noaedestamu 8D 
Auaninentyas 3xo-carmans Wa wacrore 2.5 Mfy, ab —— 


AmnneTyia 3x0-cHrdana Ha wactoTe 5.0 My, ab 





c) 


Fig. 4. Software product NDTRT-07.04-L windows: 
a) start screen; 5) “Planar defect” window; c) “Volume defect” window 


Work with the software product NDTRT-07.04-L is carried out as follows: 

1. Input the following data at wave frequencies of 2.5 MHz and 5.0 MHz in the relative window: 

¢ amplitudes of bottom signals; 

¢ distance from the wave input surface to the defect; 

¢ amplitude of the echo signals from the defect; 

¢ distance to the bottom surface. 

2. Input the type of defect and the diagram of the dependences of the boundary conditions and the confidence 
interval on the ratio of the distance to the defect to the distance to the bottom surface in the relative window. 

Discussion and Conclusions. Using manual ultrasonic testing, the acceptability of internal defects of cast parts 
of RRS is determined; however, it is not possible to determine the type of defect: volume or planar. At the same time, 
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the type of defect significantly affects the structural strength of the product. Planar defects are more dangerous than 
volume ones, especially under the dynamic loads during RRS movement. Thus, a different approach is required to eval- 
uate the acceptability of different types of defects. 

The authors have proposed a dual-frequency method of defectometry, which provides the determination of the 
defect type under the manual ultrasonic testing of cast parts, as well as an increase in the validity and informativity of 
the control results. High reliability of the dual-frequency defectometry method was confirmed by the results of experi- 
mental studies [14]. 

For an express automated use of the dual-frequency defectometry method, the software product NDTRT- 
07.04-L was developed. 
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